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10.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS 

The  research  had  two  main  aims  (i)  Determination  of  the  thermochemical, 
structural,  and  basic  electrochemical  properties  of  mixed  electronic/ionic 
conductors  and  (ii)  design,  preparation  and  characterization  of  new  ionic 
conductors,  both  electronic  insulators  for  electrolytes  and  electronic  con¬ 
ductors  for  battery  cathodes  and  display. 

The  first  objective  was  succesfully  carried  out  on  the  hydrogen 
molybdenum  bronzes  H^MoO^,  the  system  Li  hydrogen  tungsten  bronzes 

H  W0V  and  the  system  Li  Mo0_.  This  woric  was  supplemented  by  NMR  studies 
on  hydrates . 

,  t  0  + ,  + 

Work  toward  the  second  objective  also  concentrated  on  H-ion  and  Li-ion 

conductors.  We  were  able  to  demonstrate  that  classical  ion-exchange  materials 

form  a  broad  class  of  H»ion  conductors  that  can  be  separated  into  two  groups; 

framework  hydrates  and  particle  hydrates.  Moreover  we  showed  that  the  best 

protonic  conduction  would  be  found  in  hydrates  of  highly  acidic  or  highly  basic 

oxides,  the  highest  water  content  compatible  with  retaining  a  solid  representing 

the  optimum  condition.  We  also  showed  that  particle  hydrates  can  be  formed 

into  dense  ceramics  of  large  surface  area  by  cold  pressing,  and  that  under  a 

controlled  H„0  atmosphere  the  ceramic  remains  solid  and  retains  it's  water  to 
o  z  + ,  ... 

nearly  100  C.  Our  best  H-ion  conductor  was  antimonic  acid,  a  framework 

hydrate,  that  was  fabricated  as  a  particle  hydrate  and  cole}  pres^ed_^o  Sb20^*5.4Ho0. 

At  room  temperature,  the  H-ion  conductivity  approached  10  ohm  cm  . 

v 

» 

We  also  demonstrated  that  important  new  materials  can  be  fabricated 
by  low-temperature  techniques,  including  room-temperature  electrochc xstry. 

Our  first  exploitation  was  the  preparation  of  the  systems  Lij_^CrO. ,  Li1_^CoO? 
and  Li  NiO^.  Most  work  has  been  done  on  the  latter  two  systems ,‘ which  give“ 
over  4v  when  used  as  a  cathode  agains t+e lemental  lithium  as  the  anodes.  Work 
on  the  system  Naj_xCoO?  proved  that  Na  ions  have  a  preference  for  trigonal 
prismatic  sites  that  reduces  the  solid-solution  range.  For  the  Lithium  systems 
the  range  is  0$x<l. 

We  also  concluded  that  the  best  composite  electrodes  will  consist 
of  a  molten  salt  that  is  immobilized  by  a  porous  (prassed-particles)  insertion- 
compound  electrode;  these  composites  may  need  to  be  separated  by  a  solid 
electrolyte . 


An  investigation  of  LiBr.nll^O,  ]<n<2,  with  and  without  Al.,0.  particles 
demonstrated  that  molten  salts  can  be  immobilized  if  hydregen-bond  bridges 
between  particles  can  be  formed.  However,  we  need  to  eliminate  the  water,  and 
we  have  begun  to  investigate  anhydrous  salts  molten  at  room  temperature. 


